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| INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer in the world and the fifth most prevalent cancer type in China, causing 376.3 thousand new patients and 191.0 mortality a year (Chen, Xu, et al., 2016a; Chen, Zheng, et al., 2016b; Wang et al., 2017) . The occurrence of CRC is directly correlated with the abnormal immunological microenvironment. It has been reported that the immunotherapy on cancer, including CRC, is very effective, which allows us to investigate the immune repertoire study in CRC patients (Hope et al., 2017) . Further study on CRC patients in respect to change in immunological microenvironment with origin as well as the prognosis of cancer is a one of the significant methods for early detection of biomarkers as well as identifying the target for immunotherapy. It is well studied that the first-tier treatment of colorectal cancer is timely surgical interventions or total colectomy (Adelson et al., 2018) . Hence, different anesthesia pattern would have a significant role for the prognosis of colorectal cancer. Till date, there is no study has been performed for the comparison of colorectal cancer patients and healthy controls' in terms of TRCs and the different methods of anesthesia.
T cells are the active cell population-mediating cellular immune response and function as an important component in humoral immune system activation response. T-cell receptors (TCRs) are the antigen recognition part on T-cell membrane, which is composed of α and β chain, or γ and δ chain. Complementarity-determining region 3 (CDR3) is a critical region in TCR on both the chains, responsible for specifically recognize and bind antigen peptide. Each T cell has its own unique CDR3 sequence. According to the homology of CDR3 variable region (V) gene sequence, TCR Vβ genes are divided into 24 families. Testing of each Vβ gene family's CDR3 spectra could reflect the clonal expansion of T cells (Luo et al., 2014) .
In this study, we applied high-throughput next-generation sequencing (NGS) to elucidate the immune repertoire status among sporadic colorectal cancer patients (T1M0N0; Stage I) in different time points (1 day before surgery, 3 days' after surgery, and 7 days after surgery) with different anesthesia methods to patients and healthy controls. Then, the distribution of CDR3 length in preoperative patients and healthy controls was studied. Additionally, highly expanded clone distribution in preoperative patients, healthy controls, and postoperative patients at different time points with different anesthesia (TIVA and CGEA) methods has been compared in this study. In order to understand the mechanism of CRC immune exchange, TRBV, TRBJ gene repertoires between preoperative patients and healthy controls would also be studied.
| MATERIALS AND METHODS

| Patients and controls
Whole blood samples from 19 CRC patients and five healthy controls were collected at The Second Medical College of Jinan University (Shenzhen People's Hospital), Shenzhen, China, and PBMCs were extracted. We collected the PMBCs of 10 colon cancer patients, who had taken the TIVA anesthesia pattern, at 1 day preoperative, 3 days' postoperative, and 7 days' postoperative time point, respectively. The PMBCs of nine CRC patients, who had taken the CEGA anesthesia, at 1 day preoperative, 3 days' postoperative, and 7 days' postoperative time point were collected. The Ethical Committee of the Department of Anesthesiology, Shenzhen People's Hospital, 2nd Clinical Medical College of Jinan University, Shenzhen, Guangdong, China, reviewed and approved our study protocol in compliance with the Helsinki Declaration.
| T-cell isolation and DNA extraction
Informed consent was obtained from all the participants in our study. T-cell isolations were performed using superparamagnetic polystyrene beads (Miltenyi) coated with monoclonal antibodies specific for T cells. DNA was prepared from 0.5 to 2 × 106 T cells from each sample, which was sufficient for analyzing the diversity of TCRV in the T-cell subsets. DNA was extracted from PBMCs using GenFIND DNA (Agencourt, Beckman Coulter, Brea, CA, USA) extraction kits following the manufacturer's instructions.
| Multiplex-PCR amplification of the TCR CDR3 region
The TCR CDR3 region was defined according to International ImMunoGeneTics collaboration, starting with the second conserved cysteine encoded by the 39 portions of the V gene segment and ending with the conserved phenylalanine encoded by the 59 portions of the J gene segment. To generate the template library for Genome Analyzer, a multiplex-PCR system was designed to amplify rearranged TCR CDR3 regions from genomic DNA using 45 forward primers, each is specific to a functional TCR V segment, and 13 reverse primers, each is specific to a TCR J segment. The forward and reverse primers contain, at their five ends, the universal forward and reverse primer sequences, respectively, which are compatible with GA2 cluster station solid-phase PCR. After amplification and selection, the products were purified using QIAquick PCR Purification Kit. The final library was quantitated in two ways: by determining the average molecule length using the Agilent 2100 bioanalyzer instrument (Agilent DNA 1000 Reagents) and by real-time quantitative PCR (QPCR; TaqMan Probe). The libraries were amplified with cBot to generate the cluster on the flow cell, and the amplified flow cell was pair-end (PE) sequenced using a Hiseq2500 instrument, with a read length of 100 as the most frequently used sequencing strategy.
| High-throughput sequencing and data analysis
The PCR products were sequenced using an Illumina Genome Analyzer, and the sequencing quality of these reads was evaluated by the formula shown below. The quality of the HiSeq sequencing ranged from 0 to 40 and was used for filtering out low-quality reads. First, we filtered the raw data, including adapter contamination. Reads with an average quality score lower than 15 (Illumina 0-41 quality system) were removed, and the proportion of N bases was not more than 5% (sequences with higher values were also removed). Next, a few bases with low quality (lower than 10) were trimmed; the quality score was expected to be over 15 after trimming, and the remaining sequence length was expected to be more than 60 nt. After filtering, PE read pairs were merged into one contig sequence in two steps: (a) by aligning the tail parts of two sequences and assessing the identity (BGI developed software COPE v1.1.3), with at least 10 bases of overlap required and the overlapping section having 90% base match; (b) as different primers might result in sequences of different lengths, some might be very short (<100 bp) and such reads were merged by aligning the head part of the sequence (BGI developed software FqMerger). In this way, we obtained the merged contig sequences and the length distribution plot. Subsequently, we used miTCR, developed by MiLaboratory (https://mitcr.milaboratory. com/downloads/) for the alignment. This program has an automated adjustment mechanism for errors introduced by sequencing and PCR and will provide alignment statistical information, such as the CDR3 expression and INDEL. After alignment, we utilized the following method for the sequence structural analysis: (a) We calculated the number of each nucleotide and analyzed the proportion at each position; (b) according to the last position of the V gene, start site of the D gene, end site of the D gene, and start site of the J gene after alignment, we retrieve the INDEL (insertion and deletion) introduced during V-D-J recombination; (c) nucleotides were translated into amino acids. According to the identity of each sequence after alignment, the expression level of each clone was clear and calculated. The expression of each distinct DNA sequence, amino acid sequence, and V-J combination was also identified. In addition, to measure the diversity of each sample, we calculated the distinct clone number, Simpson coefficient, and Shannon-Waver coefficient based on different resolutions Notes. AC1, AD1, AE1, AF1, and AJ1 represent sequencing data from PMBCs of CRC patients at 1 day preoperation in TIVA group. AC2, AD2, AE2, AF2, and AJ2 means sequencing data from PMBCs of CRC patients at 3 days' postoperation in TIVA group. AC3, AD3, AE3, AF3, and AJ3 represent sequencing data from PMBCs of CRC patients at 7 days' postoperation in TIVA group.
BC1, BD1, BF1, BJ1, BH1, and BI1 represents sequencing data from PMBCs of CRC patients at 1 day preoperation in CEGA group. BC2, BD2, BF2, BJ2, BH2, and BI2 represent sequencing data from PMBCs of CRC patients at 3 days' postoperation in CEGA group. BC3, BD3, BF3, BJ3, BH3, and BI3 represent sequencing data from PMBCs of CRC patients at 7 days' postoperation in CEGA group. HHT1, HHT2, HHT3, HHT4, and HHT5 represent data from PMBCs of normal controls. CDR3: complementarity-determining region 3.
T A B L E 1 (Continued)
of distinct DNA sequences, amino acid sequences, and V-J combinations. The expression level of each sample was also calculated at different resolutions of distinct DNA sequence, amino acid sequence, and V-J combination. Moreover, we constructed the specific expression graph and plotted a heatmap according to the V-J combination profile. The diversity of the TCR repertoire was calculated based on the Simpson index of diversity (Ds) and the Shannon-Wiener index (H).
| Statistical analysis
Because of the small sample size in this study, the analysis of differences among the data groups was performed with the t test. p values <0.05 were considered significant. The statistical analyses were conducted with GraphPad Prism software (GraphPad Software, San Diego, CA, USA).
| RESULTS
| Sequencing data summary
A total of 19 colorectal cancer patients and five healthy controls were recruited for this study. Blood sample from 1 day preoperative, 1 day postoperative, 3 days' postoperative, and 7 days' postoperative was collected. We obtained an average of 713,362 sequencing reads per sample (Figure 1) (Table 1) .
F I G U R E 2
Complementarity-determining region 3 length distribution in healthy controls and preoperation colorectal cancer (CRC) patients.
"Pink" bar represents the value of healthy controls', and "green" bar represents the value of preoperative CRC patients'. Black triangle represents the significant different (p < 0.05)
| CDR3 length distribution pattern
The length distribution of the TCR CDR3 is an important determinant of T-cell repertoire diversity. In this study, we first assessed the length distribution of TCR CDR3 sequences (aa) in the preoperative group and healthy control group ( Figure  2 ). TCR CDR3 sequence length in preoperative group was significantly higher compared to those in the NC group with the amino acid length 1 (p = 0.028), 28 (p = 0.026), 29 (p = 0.0064), and 30 (p = 0.00078). We draw the Gaussian distribution curve for each sample, and the goodness of fit was quantified by R 2 , which ranges from 0 to 1 (from lowest fitness to highest fitness). R 2 values
were calculated for each sample and compared between the preoperative CRC patients and healthy controls (p = 0.0016; Figure 3 ).
| Highly expanded clones and TCR repertoires diversity
The expression level of each unique clone is another major measurement or index for immune diversity. After aligning to the human genome reference, the expression level of each clone is calculated. In this study, the TCR clones with frequency above 0.5% of total reads in a sample were defined as highly expansion clone (HEC). The comparison of HEC number between preoperative group and healthy control group showed significant higher HEC ratio in preoperative group (Figure 4a ). In the TIVA group, HEC number of 3 days' postoperative samples was higher than 1 day preoperative group (p = 0.021) and also higher than the value of 7 days' postoperative group (p = 0.018; Figure 4b ). The HEC ratio of TIVA group also showed similar distribution of HEC number; the 3 days' postoperative group showed higher HEC than 1 day preoperative group (p = 0.031), higher than the HEC ratio of 7 days' postoperative group (p = 0.015). The HEC ratio of 7 days' postoperative group was lower than 1 day preoperative group (p = 0.022; Figure 4c ). To further study the difference in effect of TIVA and CGEA on immune repertoire, we also compared the HEC number and HEC ratio at the 3 different time period. The results showed there was no significant difference in the effect between the two anesthesia methods. (Figure 4d,e) . The comparison of HEC number and To further understand the percentage of shared HECs, we then analyzed the top 60 highly used amino acids and nucleotide sequences in 0.5% used clones of CRC patients and healthy controls. According to Figure 6 , there were highly shared sequences in CRC patients than in healthy controls.
| Comparison of TRBV and TRBJ gene repertoires between preoperative patients and healthy controls
To determine the disease-specific TCR repertoire characteristics, we compared the expression levels of TRBV and TRBJ genes of preoperative patients and healthy controls. Figure 7b ). Analysis of top 20 used TRBV genes was performed; TRBV7-8, TRBV7-9, and TRBV9 were well used in both CRC patients and healthy controls. TRBV2, TRBV12, TRBV19, TRBV20-1, and TRBV24-1 were poorly used in either CRC patients or healthy controls (Figure 8 ). 
| DISCUSSION
As the 3rd leading cause of tumor mortality, colorectal cancer is a well-known and well-studied type of cancer. The previous studies on colorectal cancer's biomarkers, surgery methods, metastatic mechanisms, target medicine-related researches, anesthesia methods, immune repertoires, all have revealed the fundamental data (Daher, Chouillard, & Panis, 2014; Deschoolmeester, Baay, Specenier, Lardon, & Vermorken, 2010; Pan et al., 2017; Tsai et al., 2010) . Here, we recruited 19 CRC patients and five healthy controls to study the difference in immune repertoire status among colorectal cancer patient at preoperative, postoperative, and healthy controls.
In comparison with CDR3 length distribution between preoperative colorectal patients and healthy controls showed there was significant difference between these two groups. This result again elucidated the immune repertoire effect on colorectal cancer patients which corresponds to the similar finding of previously reported CRC immune correlation study 1 (Li et al., 2016; Nakanishi et al., 2016) .
Another well used factor to evaluate the immune repertoire status is HECs; the comparison between preoperative group and healthy control group again showed the significant higher HEC ratio and HEC number in CRC patients than the healthy control group, which could be the result of cancer-immune reaction (Chen, Xu, et al., 2016a; Chen, Zheng, et al., 2016b) . In addition, we found that TIVA patient group has significantly different HEC numbers and HEC ratios at different time period (1 day preoperative, 3 days' postoperative, and 7 days' postoperative), which could be a milestone for understanding and the management of the postoperation medical care. However, there were no differences in CGEA patient groups at different time period. Although there is possible effect of surgery on patients' immune system, the difference in distribution of TIVA and CEGA on 3 days' postsurgery and 7 days' postsurgery patient group could provide more solid evidence to prove CEGA's potential advantage on immune repertoire balance. Then, the further hypothesis is to prove CGEA anesthesia has less effect on patients' immune repertoires than the TIVA anesthesia or not despite the limited research samples, this could be a prestudy to further elucidate the effect of TIVA and CGEA on immune repertoires.
The random assortment of the V, (D), J gene segments provides the basic structural frames for antibody variable region to recognize specific antigen. Till now, only few experiments have performed the usage feature of V, (D), J gene segments. In the present study, all TRBV and TRBJ genes were deeply sequenced to study the potential specific higher usage. Between the patients and healthy control groups, TRBV11-2 (p = 0.016), TRBV12-1 (p = 0.0068), TRBV16 (p = 0.0032), TRBV3-2 (p = 0.0096), TRBV4-2 (p = 0.03), TRBV4-3(p = 0.048), TRBV5-4(p = 0.011), TRBV6-8(p = 0.038), TRBV7-8 (p = 0.042), and TRBV7-9(p = 0.023) usage showed significant difference. TRBV11-2 (p = 0.016), TRBV12-1 (p = 0.0068), TRBV16 (p = 0.0032), TRBV3-2 (p = 0.0096), TRBV4-2 (p = 0.03), TRBV4-3 (p = 0.048), TRBV5-4 (p = 0.011), TRBV6-8 (p = 0.038), TRBV7-8 (p = 0.042), and TRBV7-9 (p = 0.023) usage showed significant difference. The higher usage genes provide the potential to target in specific immunerelated targeted medical approach.
In conclusion, we elucidated the different immunology repertoires in colorectal cancer patients and healthy controls. We further studied the effect of two anesthesia methods TIVA and CGEA on patients' immune repertoires. We also studied TRBV and TRBJ genes which provided several potential targets for immune system-targeted medicine for colorectal cancer. The immune repertoire will be a powerful tool for predicting the colorectal cancer surgery prognosis and identifying the targeted medicine.
